A yellowish-orange-pigmented marine bacterium, designated MEBiC08714 T was isolated from a sea urchin Strongylocentrotus intermedius collected at the west edge of the East Sea of Korea. Phylogenetic analysis based on the 16S rRNA gene sequences indicated that MEBiC08714
The members of the genus Echinicola, belonging to the family Cyclobacteriaceae, are characterized as heterotrophic, strictly aerobic, Gram-stain-negative, rod-shaped, motile by gliding and pigmented bacteria with MK-7 as the major respiratory quinone [1] . Members of this genus have been isolated from sea urchin Strongylocentrotus intermedius [1] , sea water collected at a mussel farm [2] , a solar saltern [3] , and a mud sample collected from a brackish water pond [4] . Recently, Echinicola rosea was reported from surface seawater of South China Sea [5] . In the present study, a novel strain MEBiC08714
T isolated from sea urchin Strongylocentrotus intermedius collected at the west edge of the East Sea of Korea, is proposed to represent a novel species of the genus Echinicola on the basis of a polyphasic taxonomic approach.
A sea urchin, Strongylocentrotus intermedius was collected from off the coast of the East Sea (37 53¢ N, 128 49¢ E), Korea (also known as the Sea of Japan). For isolation of sea urchin-associated bacterial stains, a small piece of the sea urchin was homogenized with 2 ml sterilized sea water, spread onto marine agar 2216 (MA; BD) medium, and incubated at 25 C for 7 days. Among the morphologically different colonies, a tiny yellowish-orange-pigmented colony was isolated, designated MEBiC08714
T , and preserved in marine broth 2216 (MB; BD) supplemented with 20 % (v/ v) glycerol at À80 C. The isolate was routinely cultured on MA or in MB at 25 C for further studies such as morphological and biochemical characterizations. Unless otherwise stated, the minimal standards for describing novel species of the genus Echinicola proposed by Nedashkovskaya et al. [2] were used according to previously described methods [6, 7] . Echinicola vietnamensis KCTC 12713 T , 'Echiniocola shivajiensis' JCM 17847, Echinicola jeungdonensis KCTC 23122 T and Echinicola pacifica KCTC 12368 T were used as the reference strains for phenotypic characteristics. These strains were purchased from the Korean Collection for Type Cultures (KCTC) or Japan Collection of Microorganisms (JCM). E. rosea was not considered in the present study, as it was reported after the termination of experiments.
Cell morphology was observed using a phase-contrast microscope (Olympus) at 1000Â magnification and a transmission electron microscope (LIBRA120, Carl-Zeiss) using T . API 20NE, API ZYM and GN2 MicroPlates data for all strains were obtained from this study under the same experimental conditions. +, positive reaction; À, negative reaction. ND, no data available. All strains were positive for the following tests: enzyme activities of oxidase, catalase, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, b-glucuronidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase, and utilization of gentiobiose and lactulose. All strains were negative for enzyme activities of lipase (C14) and a-fucosidase. Negative reactions on GN2 MicroPlates for all strains are not described. 
Enzyme activities: C for 2 days. Cells were negatively stained using 2 % (w/v) phosphotungstic acid reagent at pH 7.0 and were shown to be rod-shaped ( Fig. S1 . available in the online Supplementary Material). Gram staining was determined using the Sigma-Aldrich Gram stain kit, according to the manufacturer's instructions. Gliding motility was examined according to the method described by Bowman [8] on cells grown for 24 h at 25 C. The temperature range and optimum for growth were determined by culturing MEBiC08714
T in MB at different temperatures (15, 20, 25, 30, 35, 40 and 45 C) for 3 days. Salt tolerance tests were carried on distilled-water-substituted marine broth supplemented with NaCl at 0 to 14 % (at intervals of 1 %, w/v). The tolerance range for pH was determined at pH 4-13 (at intervals of 1 pH unit) in MB medium with the pH adjusted using 10 mM MES (pH 4-6) or 10 mM Trizma (pH 7-13) as biological buffers. The presence of flexirubin-type pigments was determined by using the chromatic shift test with 20 % KOH solution [9] . Catalase activity was tested with 3 % H 2 O 2 and oxidase activity was determined using tetramethyl-p-phenylenediamine according to the methods described by Kovacs [10] . Hydrolysis of macromolecules rather than polymeric substances was tested on MB supplemented with skim milk, starch and carboxymethylcellulose (each at 1 %, w/v). Agarolytic activity was detected as the degradation of agar around colonies after cultivation on R2A (BD) medium. Other biochemical characteristics of MEBiC08714 T were determined by using API 20NE and API ZYM (bioM erieux) and GN2 MicroPlates (Biolog) according to the manufacturer's instructions. Susceptibility to the following antibiotics was analysed by the disc diffusion method (µg per disc) using commercially available discs (BBL Sensi-Disc; BD): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), rifampicin (30), tetracycline (30) and vancomycin (30). To confirm anaerobic growth cells were inoculated on MA and cultivated in an anaerobic chamber (COY) at 25 C for 3 days.
Cells of MEBiC08714
T appeared to be Gram-stain-negative, strictly aerobic, yellowish-orange pigmented and rodshaped approximately 0.5-0.6 µm in width and 1.4-2.0 µm in length. Colonies grown on MA (after incubation for 3-4 days at 25 C) were circular, convex and smooth. Flexirubin-type pigments were not observed. Cells were motile by means of gliding. Cell growth was observed at 20-35 C (optimum, 25 C), at pH 6-11 (optimum, pH 7.0), and in the presence of 0-13 % (w/v) NaCl (optimum, 2 %). They hydrolyzed polymeric substances such as agar and starch but not skim milk or carboxymethylcellulose. The strain was susceptible to chloramphenicol, erythromycin, nalidixic acid, rifampicin and vancomycin but resistant to ampicillin, gentamicin, kanamycin, streptomycin, and tetracycline. Other physiological and biochemical characteristics of MEBiC08714 T are described in Table 1 and in the species description.
For analysis of cellular fatty acids, MEBiC08714
T and type strains of members of the genus Echinicola were extracted as described by Sasser [11] and were analyzed using the Sherlock Microbial Identification System version 6.2 (MIDI) and the TSBA6 database according to manufacturer's instruction. The isoprenoid quinones, extracted according to the method described by Minnikin et al. [12] , were separated by TLC and analysed by HPLC [13] . Polar lipids of MEBiC08714 T were extracted from lyophilized bacterial cells, separated using two-dimensional TLC and detected by spraying with molybdatophosphoric acid, ninhydrin, molybdenum blue, a-naphthol, Dragendorff's solution and Schiff's solution [12] . The major fatty acids of MEBiC08714 T were iso-C 15 : 0 (27.5 %), iso-C 17 : 0 3-OH (11.5 %), anteiso-C 15 : 0 (5.2 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c, 20.3%) and summed feature 9 (iso-C 17 : 1 !9c and/or10-methyl C 16 : 0 , 6.3 %) ( Table 2 ). The respiratory quinone detected in MEBiC08714
T was MK-7, which is generally found in members of the genus Echinicola. The predominant polar lipids of the MEBiC08714 T were phosphatidylethanolamine (PE), an unidentified phospholipid (PL) and four unidentified lipids (L) (Fig. S2) . The DNA G+C content of MEBiC08714 T was determined using HPLC with a symmetry reversed-phase C18 column (Waters; [14] ). The value was 44.2 mol%, which is within the reported range of values for members of the genus Echinicola (44-46.9 mol%).
For 16S rRNA gene sequencing, genomic DNA was extracted using a DNeasy Blood & Tissue kit (Qiagen) according to the manufacturer's instructions. The 16S rRNA gene was amplified as described by Giovannoni [15] and sequenced using an ABI 3730XL automatic DNA sequencer (ABI) according to the manufacturer's instructions. The sequences obtained were assembled by using Vector NTI ver. 9.1 (Life Technologies) and compared with those of all type strains in the EzTaxon-e database [16] and GenBank database. Phylogenetic trees were reconstructed using the neighbour-joining [17] method with the JukesCantor distance model [18] using the MEGA6 program [19] . Trees were also reconstructed using the maximumparsimony [20] and maximum-likelihood [21] methods. The robustness of the phylogenetic trees generated by the three tree-making algorithms was confirmed by bootstrap analyses based on 1000 random resamplings of the sequences. The results of the phylogenetic analysis based on 16S rRNA gene sequences (1307 unambiguously aligned base pairs) indicated that MEBiC08714
T was affiliated with the genus Echinicola (Fig. 1) . Comparison of 16S rRNA gene sequences indicated that MEBiC08714 T was closely related to E. vietnamensis KCTC 12713 T (96.9 %), 'E. shivajiensis' JCM 17847 (96.3 %), E. jeungdonensis KCTC 23122 T (96.1 %) and E. pacifica KCTC 12368 T (95.0 %). The levels of 16S rRNA sequence similarities to all strains in the phylogenetic analysis were lower than 97.0 % and below the threshold value of 98.65 % or higher values proposed by Stackebrandt and Ebers [22] and Kim et al. [23] .
MEBiC08714
T showed many phenotypic characteristics that were similar to those of closely related members of the genus Echinicola, including the major respiratory quinone T and related members of the genus Echinicola. Bootstrap values (>50 %) for 1000 resamplings are shown at branch nodes. The tree was generated using the Jukes and Cantor distance model and the neighbour-joining algorithm. Filled circles indicate that the corresponding nodes were present in the trees generated using the neighbour-joning, maximum-likelihood and maximum-parsimony algorithms. Open circles indicated that the corresponding nodes were recovered in the trees reconstructed using two of the three algorithms. Bar, 0.02 nucleotide substitutions per nucleotide position.
(MK-7), the range of growth conditions (pH, salt tolerance), pigmented colonies, the requirement for oxygen, hydrolysis of aesculin, DNA G+C contents and cellular fatty acid profiles (Table 2) . However, some physiological characteristics such as absence of growth at 40 C and carbon source utilization pattern clearly differentiated the strain from other members of the genus Echinicola (Table 1 ). In particular E. vietnamensis KCTC 12713 T , which is the closest phylogenetic relative of MEBiC08714 T , differed in the activities of cysteine arylamidase etc.
In conclusion, on the basis of the polyphasic taxonomic analysis, we confirmed that MEBiC08714
T had a distinct taxonomic position in the genus Echinicola. Therefore, MEBiC08714
T should be recognized as representing a novel species of the genus Echinicola, for which the name Echinicola strongylocentroti sp. nov. is proposed.
DESCRIPTION OF ECHINICOLA STRONGYLOCENTROTI SP. NOV.
Echinicola strongylocentroti (stron.gy.lo.cen.tro¢ti. N.L. gen. n. strongylocentroti of the sea urchin Strongylocentrotus which is source of type strain).
Cells are Gram-stain-negative, aerobic, yellowish-orange pigmented, rod-shaped (0.5-0.6 µm in width and 1.4-2.0 µm in length) and motile by gliding. Flexirubin-type pigments are not produced. Colonies on MA (after cultivation for 2-3 days at 25 C) are circular, convex, and smooth. Growth occurs at [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] C (optimum, 25 C), at pH 6-11 (optimum, pH 7.0) and in the presence of 0-13 % (w/v) NaCl (optimum, 2 %). Cells hydrolyze agar and starch but not skimmed milk or carboxymethylcellulose. Oxidase and catalase activities are present. In the API 20NE system, bglucosidase (aesculin hydrolysis), b-galactosidase and assimilation of N-acetylglucosamine are positive, but reduction of nitrate to nitrite, glucose fermentation, indole production, arginine dihydrolase, protease and urease are negative. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, b-glucuronidase, a- The type strain, MEBiC08714
T (=KCTC 52052 T =JCM 31307 T ), was isolated from a sea urchin collected at the west edge of the East Sea (37 53¢ N, 128 49¢ E) of Korea (also known as the Sea of Japan). The genomic DNA G+C content of the type strain is 44.2 mol%.
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